DOE/MC/31175-- 5452
Distribution Category UC-132

Treatment of Metal-Laden Hazardous Wastes with
Advanced Clean Coal Technology By-Products

Quarterly Report
December 30, 1995 - March 30, 1996

Work Performed Under Contract No.: DE-FC21-94MC31175

“ 514 W m Wi‘?}"‘% %g ﬁ%ﬁ,%ﬁﬂ

For
U.S. Department of Energy
Office of Fossil Energy

Morgantown Energy Technology Center 1 Vit
P.O. Box 880 Faim & L.EX? Fom Bof
Morgantown, West Virginia 26507-0880 M AR 0 4 1897
OSTI
By

University of Pittsburgh ‘
Center for Energy Research
1140 Benedum Hall ‘
Pittsburgh, Pennsylvania 15261




DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document. E




Disclaimer

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed,
or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise does
not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States
Government or any agency thereof.
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EXECUTIVE SUMMARY

During the second quarter of Phase 2, work continued on evaluating Phase 1 samples,
preparing reports and presentations, and addressing early details of the field work.

Laboratory Analyses

Final analyses for arsenic, selenium and mercury were completed for the extracts of the
three by-products collected in Phase 1. All metals concentrations in the extracts were below
the current BDAT standard and only selenium in the TCLP extract of two samples of the
residues from the Ebensburg Power Company exceeded the potential future BDAT standard of
0.16 mg/L.

Final analyses for arsenic, beryllium, copper, mercury, selenium, antimony, thallium and
vanadium were completed for the extracts of the eight immediately successful by-
product/waste mixtures and the five mixtures which were not immediately successful, prepared
during Phase 1. All concentrations were below both the current and potential future BDAT
standards.

The two graduate students assigned to this project have begun preparation of their M.S.

theses, one on the mechanism of stabilization and the other on comparison of various treatment
chemicals.

Preparation for Field Work

The Waste Management Division, Southwest Region, Pennsylvania Department of
Environmental Protection (PADEP) approved the field work for Phase 2 at the Yukon Plant of
Mill Service, Inc. The Air Pollution Control Division, Southwest Region, PADEP exempted the
field work at the Yukon Plant from its Plan Approval/Operating Permit.

Beports and Presentations

The Draft Topical Report for Phase 1 was submitted to the Morgantown Energy
Technology Center (METC) on March 1, 1996.

The fifth quarterly technical report was submitted to METC on March 25, 1996.

A paper entitled, “Stabilization of Metal-Laden Hazardous Wastes Using Lime-Containing
Ash from Two FBC’s and a Spray-Drier” was presented at the 211th American Chemical Society
National Meeting and Exposition in New Orleans, Louisiana on March 25, 1996. The co-
principal investigators of this project both attended the meeting.




Plans for the Next Quarter

During the quarter from March 31 through June 30, 1996, work will continue on Tasks
3 through b of Phase 1, which remain uncompleted at the end of the current quarter. This will
involve:

L Attempting to identify a fourth by-product and another four wastes

® Treating the wastes so identified with the three current by-products and the
fourth one, if identified, in the laboratory

® Adding this information to the database of the project.

Also during the next quarter work will proceed on the Test Plan for Phase 2. The
completion of the Test Plan will depend upon receipt of environmental approval from U.S. DOE.
Finally, during the next quarter the graduate students will carry out a significant portion of the
special studies planned for their M.S. theses.




INTRODUCTION

This sixth quarterly report describes work done during the sixth three-month period of
the University of Pittsburgh's project on the "Treatment of Metal-Laden Hazardous Wastes with
Advanced Clean Coal Technology By-Products.”

Participating with the university on this project is Mill Service, Inc.

This report describes the activities of the project team during the reporting period. The
principal work has focussed upon completing laboratory evaluation of samples produced during
Phase 1, preparing reports and presentations, and seeking environmental approvals and
variances to permits that will allow the field work to proceed.




LABORATORY AND FIELD WORK

Laboratory Analyses

Phase 1 laboratory work at the University of Pittsburgh was continued through the
quarter. The work completed consisted of final analysis of ASTM and TCLP extracts of by-
products and by-product/waste mixtures by atomic absorption spectroscopy.

By-Product Analyses

Analysis of all ASTM extracts of the by-products was completed with measurement of
the concentrations of the following three metals: As, Se and Hg. In addition, the TCLP
extracts of ali the by-products were analyzed for As and Se. It should be noted that As was
analyzed by USEPA SW-846 Method 7060A (Atomic Absorption, Furnace Technique) instead
of Method 7061 (Atomic Absorption, Gaseous Hydride) as previously stated in the Phase 1 Test
Plan. In addition, Se was analyzed by USEPA SW-846 Method 7740 {(Atomic Absorption,
Furnace Technique) instead of Method 7741 {(Atomic Absorption, Gaseous Hydride) as
previously stated in the Phase 1 Test Plan. A summary of the metals analysis completed on
ASTM and TCLP extracts of the by-products is given in Tables 1 and 2, respectively.

All metals concentrations of the ASTM and TCLP by-product extracts were found to be
below the current BDAT standards. In addition, all metals concentrations of the ASTM and
TCLP by-product extracts were found to be below the potential future standards except for the
Se concentration of the TCLP extracts of EPC #4 and 5, which exceeded the potential future
standard of 0.16 mg/L.
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Hg, Se, Sb, Tl and V.

Mi

Analysis of all ASTM extracts of immediately successful by-product/waste mixtures was
completed with measurement of the concentrations of the following eight metals: As, Be, Cu,

In addition, the TCLP extracts of immediately successful by-

product/waste mixtures were analyzed for the following seven metals: As, Be, Cu, Se, Sb, Tl
and V. A summary of the metals analysis completed on 24-hour ASTM and 90-day TCLP
extracts of the immediately successful treated wastes is given in Tables 3 and 4, respectively.

TABLE 3: METAL ANALYSIS OF 24-HOUR ASTM EXTRACTS OF BY-PRODUCT/MWASTE MIXTURES'

Metal | CONSOL/ CONSOL/ Tidd/ Tidd/ Tidd/ Tidd/ EPC/ EPC/
Battery Munitions | Battery | Industrial | Munitions WWTP Munitions | WWTP

Sludge Soil Sludge Soil Soil Soil Soil Soil

As <0.01 <0.01 <0.01 0.012 0.012 0.012 <0.01 <0.01
Be <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Cu <0.05 0.06 <0.05 <0.05 0.06 <0.05 <0.05 <0.05
Hg <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 <0.0025
Sb <0.020 <0.020 0.101 0.056 <0.020 <0.020 <0.020 <0.020
Se <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
i <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
v <0.010 <0.010 <0.010 <0.010 0.021 0.017 0.016 0.024

* All concentrations are in units of mg/L

All metals concentrations of the ASTM and TCLP extracts of the by-product/waste
mixtures were found to be below both the current BDAT standards and the potential future
standards (where applicable).
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For those treatments that did not prove immediately successful, the 28 and 90-day TCLP
extracts were analyzed for the same seven metals as mentioned above. A summary of the
metals analysis completed on the TCLP extracts of the by-product/waste mixtures prepared by
the Proctor method is given in Tables 5 and 6.

TABLE 5: METAL ANALYSIS OF 28-DAY TCLP EXTRACTS OF BY-PRODUCT/WASTE
MIXTURES PREPARED BY THE PROCTOR METHOD'

Metal Current Potential CONSOL/ Tidd/ EPC/
BDAT Future Industrial Munitions WWTP

Standard Standard Soil Soil Soil

As 50 5.0 0.030 <0.01 0.071
Be — 0.014 0.0114 <0.001 0.0029
Cu — — 0.52 0.14 0.20
Sb — 21 <0.020 0.102 <0.020
Se 5.7 0.16 <0.01 <0.01 <0.01
T — 0.078 <0.005 <0.005 <0.005
v — 0.23 0.097 <0.010 0.020

* All concentrations are in units of mg/L

All metals concentrations of the ASTM and TCLP extracts of the by-product/waste
mixtures prepared by the Proctor method were found to be below both the current BDAT
standards and the potential future standards (where applicable).




TABLE 6: METAL ANALYSIS OF 80-DAY TCLP EXTRACTS OF BY-PRODUCT/WASTE

MIXTURES PREPARED BY THE PROCTOR METHOD'

Metal Current Potential CONSOL/ Tidd/ EPC/
BDAT Future Industrial Munitions WWTP

Standard Standard Soil Soil Soil

As 5.0 5.0 0.013 <0.01 <0.01
Be — 0.014 0.0072 <0.001 <0.001

Cu — — 4.32 0.07 0.06
Sb - 21 0.101 <0.020 <0.020
Se 5.7 0.16 <0.01 <0.01 0.021
Ti — 0.078 <0.005 <0.005 <0.005
v -— 0.23 0.045 <0.010 0.014

* All concentrations are in units of mg/L

Scholarly Activity

The two graduate students, Vourneen Clifford and Jesse Pritts, who are carrying out
much of the laboratory analyses and testing at the University of Pittsburgh for this project, have
begun to plan the special scholarly studies they will perform for their master’s theses.

ism of ilization

Ms. Clifford plans to examine the mechanism of stabilization (homogeneous
precipitation, encapsulation or inclusion in heterogeneous crystal structures).

Materials

The materials utilized in this research will include three CCT by-products, three metal-
laden hazardous wastes, and nine by-product/waste mixtures. A brief description of these
materials is given below.

CCT Bv-Products. Three advanced clean coal technology by-products will be utilized.
These are identical to the ones being used on the project.

L Residue from a Coal-Waste-Fired Circulating Fluid Bed Combustor (CFBC),
operated by the Ebensburg Power Company in Ebensburg, Pennsylvania. The
residue is a relatively coarse material, as it consists of both bottom ash and fly
ash from the boiler, and contains 82% ash, 12.5% limestone equivalent, and
5.5% CaS0,;/CaS0,.




® Residue from a Coal-Fired Pressurized Fluid Bed Combustor (PFBC) at the Tidd
Station of the Ohio Power Company, a subsidiary of the American Electric Power
Corporation, in Brilliant, Ohio. The sorbent fed to the plant was dolomite, rather
than lime or limestone. The chemical composition of the residue is 50-60%
equivalent CaCQO, and 1-2% available (free or uncombined) CaO.

° Residue from a Spray Dry Scrubber, supplied from a Joy Niro Spray Dryer by
CONSOL inc. The material is produced by the cogeneration project of Chambers
Cogeneration Limited Partnership, operated by U.S. Operating Services Company
at the Carneys Point Cogeneration Plant on the grounds of DuPont’s Chambers
Works in New Jersey. The residue contains 45% fly ash, 36% CaS0,/CaSO,,
10% Cal{OH),, 2% CaCO,, and 7% other inert material.

Metal-lL.aden Hazardous Wastes. Three metal-laden hazardous wastes will be obtained
from among those wastes received for treatment at the Yukon Plant of Mill Service, Inc. The
most likely sources will be heavy metal contaminated soils and sandblast wastes.

Jreated Wastes. Each of the three hazardous wastes will be treated with each of the
three by-products at a weight ratio of 70% waste/30% by-product, resulting in a total of nine
by-product/waste mixtures.

Methods

For each of the three by-products and each of the three hazardous wastes, the following
analyses will be performed:

° Metals analysis of TCLP extracts (US EPA SW-846 Method 1311) to determine
the concentrations of metals of concern.

® X-ray diffraction (XRD) to determine the crystalline phases present in order to
locate them in the microstructure.

® Scanning electron microscopy (SEM) to create a magnified image of the surface
in order to observe the microstructure.

Each of the three metal-laden hazardous wastes will be treated with each of the three
by-products at a weight ratio of 70% waste/30% by-product, resulting in a total of nine by-
product/waste mixtures. From these mixtures, cylinders measuring 3 x 6 inches will be molded
and cured in a humidity room with a relative humidity of approximately 100%.

After curing times of 3 and 28 days, these nine treated waste samples will be analyzed
as follows:

® Metals analysis of TCLP extracts (US EPA SW-846 Method 1311) to determine
the effectiveness of stabilization.
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XRD (the powder sample must pass a 325 mesh sieve) to determine the phases
present.

SEM to create a magnified image of the surface in order to observe the
microstructure.

Results and Discussion

The results of this research will fall into two categories:

*

Results of metals analysis of TCLP extracts will determine the ability of CCT by-
products to successfully stabilize metal-laden hazardous wastes.

Results of XRD and SEM analysis will give insight into the microstructure and
morphology and provide a better understanding of the fixation mechanism
responsible for stabilization.

. . f Various. T Chemical

Mr. Pritts plans to evaluate the performance of CCT by-products in comparison with
traditional treatment chemicals as stabilizers of metal-laden hazardous waste.

Materials

The materials required for this evaluation are of two types — treatment chemicals and
hazardous wastes.

Treatment Chemicals. Six treatment chemicals will be considered for use in stabilizing
the three hazardous wastes that will be chosen for testing.

Residue from a coal-waste-fired circulating fluidized bed combustor. This
material is from a unit operated by the Ebensburg Power Company at Ebensburg,
Pennsylvania. The residue contains 82% ash, 12.5% limestone equivalent and 5.5%
CaS0y/CaS0,. It is relatively coarse material, as it contains both bottom ash and
fly ash from the boiler.

Dry scrubber residue, supplied by CONSOL, Inc., from a Joy Niro Spray Drier.
This material is produced by the cogeneration project of Chambers Cogeneration
Limited Partnership, operated by U. S. Operating Services Company on the
grounds of DuPont’s Chambers Works in New Jersey. The residue contains The
residue contains 45% fly ash, 36% CaSO/CaSO,, 10% Ca(OH),, 2% CaCO, and 7%
other inert material. It is composed of agglomerates of fine materials, formed in
the scrubber.

Residue from a coal-fired pressurized fluidized bed combustor. This material is
from the Tidd Station of Ohio Power Company, a subsidiary of American Electric
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Power Corporation, at Brilliant, Ohio. The material contains 50-60% equivalent
CaCO;, 1-2% available CaO and approximately 40-50% fly ash.

Type | Portland cement. Type ! is general-purpose Portland cement, which is the
most common type of cement used in stabilization/solidification systems.
Portland cement is basically a calcium silicate mixture containing predominantly
tricalcium and dicalcium silicates (in cement shorthand C;S and C,S
respectively') with smaller amounts of tricalcium aluminate (C,A) and a calcium
aluminoferrite (C,AF). Typical weight proportions in an ordinary cement are 50%
CsS, 25% C,S, 10% C;A, 10% C,AF and 5% other oxides.

High calcium hydrated lime, which is primarily Ca(OH),. Hydrated lime will be
used instead of quicklime (anhydrous) because it is easier and safer to store.

Class C fly ash from an as yet undetermined source. Class C fly ashes normally
result from the burning of sub-bituminous coal and lignite, such as are found in
some of the western states of the United States. Class C fly ashes have
pozzolanic properties and may also be self-hardening.

Hazardous Wastes. Three heavy metal contaminated hazardous wastes will be chosen
for treatments from the following types.

Contaminated soils
Air pollution control dusts
Sandblast wastes

Incinerator ashes

Laboratory Evaluations

The laboratory evaluations to be conducted include:

Geo-chemical analysis of treatment chemicals
Total heavy metals concentrations of treatment chemicals and hazardous wastes

Leachable heavy metals concentrations of treatment chemicals and hazardous
wastes (both water-leachable and acid-leachable)

Leachable heavy metals concentrations (both water-leachable and acid-leachable)
of treated wastes at time periods of zero days and 28 days

! This notation system represents calcium, silicon, aluminum and iron oxides by C, S, A and F, respectively.
The subscripts denote the relative mole ratios of each component — for example, 2 Ca0+Si0, is C,S.
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® Compressive strength evaluations of treated wastes at time periods of 7, 14 and
28 days. :

The laboratory methods used to obtain the above information include:

L Toxicity Characteristic Leaching Procedure by EPA SW-846 Method 311

L Shake extraction of solid waste with water by ASTM D 3987

L Heavy metal analysis by EPA SW-846 Method 7000A

] Preparation and curing of treated wastes by ASTM C 192

L Unconfined compressive strength of treated wastes by ASTM C 39.

Waste Treatments

Each of the three selected wastes will be treated with a combination of the treatment
chemicals at a weight ratio of 70% waste / 30% treatment chemicals. The proposed
treatments are:

L 70% waste / 30% by-product {for each of the three by-products)

° 70% waste / 15% Portland cement / 15% lime

® 70% waste / 15% Class C fly ash / 15% lime

L 70% waste / 15% Class C fly ash / 15% Portland Cement

Each mixture will be prepared so as to produce approximately 25 pounds of treated
waste (sufficient to fill nine 3" x 6" cylinders). The treatments will be performed by placing the
waste and treatment chemicals in a bucket and adding sufficient water to produce a mixture
with a slump of 1.5 - 2 inches. Following preparation of each mixture, solidification samples
will be prepared by molding the samples in 3" x 6" cardboard cylinders. These samples will
then be cured in a controlled environment which will provide sufficient moisture for hydration
reactions to take place. The compressive strength of these cylinders will be evaluated after
curing times of 7, 14 and 28 days. In addition to the solidification evaluations on each mixture,
a TCLP and ASTM water extraction will be prepared for each mixture both immediately after
treatment and after the 28 day curing period.

Results

The information that will be obtained from the evaluations include:

° Environmental properties of wastes and treatment chemicals

o Physical/chemical properties of the treatment chemicals

13




L Environmental properties of treated wastes

. Immediate TCLP leachable metals

immediate water leachable metals

28-day TCLP leachable metals

28-day water leachable metals
e Engineering properties (compressive strength) of treated wastes.
Discussion

Based on the results obtained, the following points may be discussed:

L Success of CCT by-products as a S/S agent
] Comparison of CCT by-products with commercially used S/S agents
° Effectiveness of S/S based on treatment agent properties
L Effectiveness of S/S based on waste properties
o Effect of TCLP pH on metal stabilization.
P ion for Field Warl

On December 27, 1995, Anthony D. Oriando, the Southwest Regional Manager for
Waste Management of the Pennsylvania Department of Environmental Protection (PADEP) wrote
to Milt Service, Inc. (MSI), giving approval for the field work of Phase 2, called for in this
contract. A copy of this letter is included in Appendix A.

In early January MSI was requested by the Air Pollution Control Division of the
Southwest Regional Office of PADEP to provide additional information in support of MSI's
request for an exemption from its Plan Approval/Operating Permit. The request appeared to
have been initiated in response to information obtained by PADEP during the preparation of the
environmental information report by the Center for Hazardous Materials Research last summer.
Soon after the requested information was provided by MSI, on February 20, 1996 Noor Nahar,
a Southwest Regional Air Pollution Control Engineer — Air Quality — of PADEP wrote to MSI,
giving the requested exemption. A copy of this letter is also included in Appendix A.

In anticipation of the decision by the Morgantown Energy Technology Center on whether
an environmental assessment will be necessary or a categorical exclusion will be granted under
NEPA, MSI prepared an elementary plan for conducting the field tests at MSI’s Yukon Plant.
This plan will be a significant portion of the Test Plan for Phase 2.

14




REPORTS AND PRESENTATIONS

Reports

On March 1, 1996 the Draft Topical Report on Phase 1 (August 18, 1994 — August 18,
1995) was submitted to the Morgantown Energy Technology Center (METC) for review and
comment.

On March 25, 1996 the Fifth Quarterly Technical Report {the first one of Phase 2) was
submitted to METC.

Presentations

On March 25, 1996 James T. Cobb, Jr., presented a paper entitled, “Stabilization of
Metal-Laden Hazardous Wastes Using Lime-Containing Ash from Two FBC’s and a Spray-Drier”
at the 211th American Chemical Society National Meeting and Exposition in New Orleans,
Louisiana. Coauthors were R. D. Neufeld, J. Pritts and V. Clifford of the University of
Pittsburgh, C. Bender of Mill Service, Inc., and J. Beeghly of Dravo Lime Company. A copy of
the preprint of the paper is given in Appendix B.

Work was initiated on two poster presentations. One will be presented by Ronald D.
Neufeld at the IAWQ 18th Biennial international Conference in Singapore on June 23-28, 1996.
An 1800-word summary of the poster, entitled “Hazardous Waste Stabilization with Clean-Coal
Technology Ash Residuals,” was submitted to the conference organizers on January 12, 1996.
The summary is given in Appendix C.

The second poster presentation will be prepared for a Research Fair to be sponsored by
the School of Engineering of the University of Pittsburgh on May 22, 1996 in the William Pitt
Union on the university’s campus. A portion of the main poster being planned to describe work
in the school on environmental issues faced by electric utilities will be devoted to this project.
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OUTSIDE CONTACTS

American Chemical Sogi

James T. Cobb, Jr., and Ronald D. Neufeld attended the 211th American Chemical
Society National Meeting and Exposition in New Orleans, Louisiana on March 24-28, 1996. Dr.
Cobb presented the paper mentioned earlier.

Preproposal

Ronald D. Neufeld prepared a preproposal on “Stabilization of DOE Hazardous Wastes
with Clean-Coal Technology By-Products” in response to Program Notice 96-10 of the Office
of Health and Environmental Research, U.S.DOE, Germantown, Maryland. The proposed
research is an outgrowth of the work currently being carried out under this contract.

Dravo Lime Company

Joel Beeghly, director of the subcontract to Dravo Lime Company for Phase 1 of this
project, continues to provide observations and advice to the project team. He alerted the team
to several items of interest during the period covered by this project.

L Calls for papers for the Symposium on Testing Soil Mixed with Waste or
Recycled Materials, American Society for Testing and Materials, January 16-17,
1997, New Orleans, Louisiana, and the Twelfth International Symposium on
Management & Use of Coal Combustion Byproducts (CCBs), American Coal Ash
Association, January 26-30, 1997, Orlando, Florida. The project team decided
not to submit proposals to either conference. - It is felt that the Test Plan for
Phase 2 needs to be in operation before commitments are made for the first
presentation on that portion of the project.

e Article on “Electrostatic Separation of Powdered Material: Beneficiation of Coal
and Fly Ash” in Energeia, vol 6, no. 4, 1995 from the Center for Applied
Research, University of Kentucky.

] Preliminary Program of the 1996 Unburned Carbonaceous Material in Utility Fly
Ash Conference, sponsored by the Pittsburgh Energy Technology Center,
U.S.DOE. :

L Observations on the swelling behavior of utilized by-products. FBC material

swells when placed in road-base, because of ettringite which forms expanded
hydrates in a high-pH environment. PFBC material from the Tidd Station, on the
other hand, does not swell, because it contains no free lime. The spray-drier
material from CONSOL does not swell either, even though it induces a high-pH
environment.
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ADMINISTRATIVE ASPECTS

This section provides the monthly highlights and then closes by comparing progress with
the milestone chart.

Monthly Highliat
Here are the highlights of the second three months of the second phase of the project.
December 30, 1995 - January 30, 1996
° Approval for the field test at the Yukon Plant of Mill Service, Inc., is received

from the Waste Management Division, Southwest Region, of the Pennsylvania
Department of Environmental Protection {(PADEP).

January 30 - February 29, 1996

° Exemption is received from the Air Pollution Control Division, Southwest Region,
of the PADEP, allowing the field test at the Yukon Plant of Mill Service, Inc.

Eebruary 29 - March 30, 1996

® Final metal analyses are completed for all samples prepared during Phase 1.

® Draft Topical Report on Phase 1 is submitted to Morgantown Energy Technology
Center.

L Paper on “Stabilization of Metal-Laden Hazardous Wastes Using Lime-Containing

Ash from Two FBC’s and a Spray-Drier” is presented at the 211th American
Chemical Society National Meeting and Exposition in New Orleans, Louisiana.

® Fifth quarterly technical report issues.
f r wi

The following task for Phase 2 had been scheduled for completion during the first
quarter of Phase 2:

® Task 1 - Test' Plan for Phase 2

Task 1 still was not completed during the second period of this phase. The review of the
environmental information report had not been completed at METC.

By submitting the fifth quarterly technical report on March 25, 1996, the project team
met one of its reporting requirements for this period.

17




Work continued on five tasks from Phase 1:

Task 3 - Sample Collection and Characterization

Task 4 - Treatment of Metal-Laden Waste with CCT Solid By-Product
Task 5 - Data Analysis

Task 6 - Economic Analysis

Task 7 - Topical Report

Tasks 6 and 7 were completed on March 1, 1996. Work on Tasks 3, 4 and 5 of Phase
1 will continue into the third quarter of Phase 2. The fourth by-product and the final four

wastes are still being sought. As they are identified, they will be evaluated and the resulting
data will be analyzed.
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PLAN FOR THE NEXT QUARTER

During the quarter from March 30 through June 30, 1996, work will continue on Tasks
3 through 5 of Phase 1. The search for a fourth by-product will continue, focussing next upon
coal-fired FBC residue. Mill Service, Inc. will watch for additional wastes to add to the list,

particularly a paint sandblasting residue.

Work on Task 1 of Phase 2 will continue. The Test Plan for Phase 2 will include the
detailed plan for the field work and related laboratory activities scheduled to end on September
30, 1996. If, however, the environmental approval is delayed much longer, the project will
have to be extended into the third year, because treatment of solids tends to be a seasonal
{summer) business and there may not be sufficient time to organize the testing program before
fall.




APPENDIX A

LETTERS FROM SOUTHWEST REGION, PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL PROTECTION,
APPROVING FIELD TEST AT YUKON PLANT,

MILL SERVICE, INC.

20




:-"-n-‘!’

PENNSYLVANIA

COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL RESOURCES
-Please note our new name-
DEPARTMENT OF gNVI§0NMENTAL PROTECTION

E
400 Waterfront Drive
Pittsburgh, PA 15222-4745
December 27, 1995

(412} 442-4000
Southwest Regional Office

Mr. Philip Costantini

Executive Vice-President

MaX Environmental Technologies, Inc.
1815 Washington Road

Pittsburgh, PA 15241-1498

RE: Mi11 Service, Inc.
Yukon Facility
$.S. DOE Research Project

Dear Mr. Costantini:

MAX Environmental's November 30, 1995 proposal to process & maximum of
200 tons of hazardous waste using coal ash as a stabilizing agent, followed as
necessary by additional treatment using chemicals currently used at Mill
Service's Yukon facility as part of the U.S. Departwent of Energy Clean Coal
Technology By-Product Project is approved subject to the following conditions:

1. Mill Service should contact the Department (Carl Spadaro and
Dave Leiford at our Greensburg Office) prior to commencement of
treatment of hazardous waste with coal ash.

2. Mill Service should identify waste sources and type {including the
hazardous characteristics) for this project.

3. Mi11 Service should identify the source of the coal ash and provide
the Department with a copy of the analytical data as proposed in
Carl Bender's November 16, 1995 response on behalf of Mi1) Service to
our comments on Mi1l Service's waste stabilization and solidification
permit modification request.

4. Coal ash may only be stored in enclosed devices at the Yukon plant.
5. Mi11 Service should submit a report to this office detailing the

project including post-treatment analysis and final disposition of
the waste within 60 days of project completion.
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December 27, 1995

Mr. Philip Costantini -2~

6. M{11 Service is bound by the terms and conditions of Solid Waste
Management Permits for all waste and material handling under this

project.
1f you have any questions please contact Carl Spadaro of this office.
Sincerely,

D. Orlando
Regional Manager
Waste Management
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"'\ | DE COMMONWEO AELTH OF PENNSYLVANIA
PARTMENT OF ENVIRONMENTAL RESOURCES
PENNSYLYANIA -Pjease note our new ngme-
DEPARTMENT OF ENVIRONMENTAL PROTECTION
DEP
400 Watertront Drive
Pittsburgh, PA 15222-4745
February 20, 1996

(412) 442-4000
Southwest Reglonal Office

Ronald J. Sebek
R.D. #1, Cemetery Road
Yukon, PA 15698

RE:  Plan Approval/Operating Permit
Application Determination
Type of Source: TSD Facllity

Dear Mr. Sebek:

After reviewing, it has been determined that this source is exemptéd from the Plan
Approval/Operating Permit requirements under Pa. Code §127.14(8).

We raquest that the company provide & progress report of this research profact every
three months.

This exemption does not affact your obligations to meet ail applicable Pennsyivania Air
Quality Regulations for this source.

if you have any questions, or require additional informalion, please contact this office.
Sincerely,

NIW Pedan

Noor Nahar
Air Pollution Control Engineer
Air Quality
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APPENDIX B

PREPRINT OF “STABILIZATION OF METAL-LADEN HAZARDOUS
WASTES USING LIME-CONTAINING ASH FROM TWO FBC'S
AND A SPRAY-DRIER,” 211th AMERICAN CHEMICAL SOCIETY
NATIONAL MEETING AND EXHIBITION, NEW ORLEANS,
LOUISIANA, MARCH 24-28, 1996
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APPENDIX C

SUMMARY OF POSTER ON “HAZARDOUS WASTE STABILIZATION
WITH CLEAN-COAL TECHNOLOGY ASH RESIDUALS,” TO BE
PRESENTED AT THE IAWQ 18th BIENNIAL INTERNATIONAL

CONFERENCE, SINGAPORE, JUNE 23-28, 1996
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Preproposal

Stabilization of DOE Hazardous Wastes with
Clean-Coal Technology By-Products

R. D. Neufeld, J. T. Cobb
University of Pittsburgh
Pittsburgh, PA 15261

The objective of this research is to evaluate both the long term and short term
stabilization of DOE metal-containing hazardous wastes with clean coal technology -
by-products. This work builds directly on a currently funded DOE/METC project
with the University of Pittsburgh (prime contractor) in conjunction with Mill Service
(a centralized waste treater), and Dravo Lime Corporation.

BACKGROUND: The overall objective this project is to provide useful information
and data on the ability of by-products from advanced Clean Coal Technologies
(CCT) to be used by the DOE in an engineered effort to stabilize and reduce the
risks from exposure to selected metal containing hazardous wastes. Studies fall
into two categories:

° (i) observation of the ability of CCT to stabilize and solidify characteristic
toxic/hazardous metal-laden wastes (and other DOE metal containing wastes) over
the near term via conversion of such wastes into a non-hazardous form by means
of pozzolanic type reactions with by-products, and;

° (i) characterization and understanding of the longer term environmental and
physical stability of the resultant solidified matrix in terms of potentially time
dependent physical and chemicalftoxicological leaching characteristics taking place
due to slow solid phase crystalline reactions.

BY-PRODUCTS The Clean Coal Technology (CCT) Program is a DOE-Utility
cooperative effort to demonstrate a new generation of innovative coal processes,
which are environmentally cleaner and more efficient than conventional coal-
burning techniques. In dry CCT systems, a calcium-based sorbent (usually slaked
lime, limestone, or dolomite) is injected directly into a furnace, ductwork,
precipitator, or scrubber vessel that produces powdered or granular by-products,
as opposed to the slurries associated with traditional wet scrubber systems. All
these processes produce a by-product which is removed in the particulate control
equipment. Dry by-products from lime or limestone injected into the furnace, such
as in FBC systems, have neutralizing, sorptive, and cementitious properties that
make them interesting as potential reagents for hazardous waste stabilization
because of their high free quicklime (Ca0) and anhydrous calcium sulfate (CaSO,)
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contents. The specific composition of a particular type of by-product varies widely
depending upon the CCT process employed, the coal and sorbent composition, and
the plant operating conditions. For purposes of this research, the University will
initially select CCT byproducts which have already proven to be useful for the
metal-sludge and metal-soil stabilization purposes, followed by selection of
additional CCT materials in conjunction with DOE personnel. The initial group of
clean-coal technology by-products include:

1-

Dry Scrubber Residue, supplied by CONSOL Inc. This material is from a
spray drier at the outlet of a pulverized coal boiler burning high-sulfur
eastern coal. Within the process, ash laden flue gas enters the bottom of
the spray drier and all of the sulfur-capture residue rises through the upper
port with the fly ash. The residue contains 45% fly ash, 36% CaS0,/CaSO,,
10% Ca(OH),, 2% CaCO,, and 7% other inert material with moisture content
of 2% or less; and

Residue from a Coal-Waste-Fired CFBC operated by the Ebensburg Power
Company. Fly ash is removed in a ten-segment baghouse and conveyed
to a silo with the resultant mixture being 30% bottom ash. Thus, the by-
product is a relatively coarse material containing 82% ash, 12.5% limestone
equivalent and 5.5% CaS0,/CaSO0,.

CCT materials that will not be considered further for this proposal, but
are part of our existing effort include:

Residue from a Coal-Fired Pressurized Fluid Bed Combustor (PFBC) at the
Tidd Station of Ohio Power Company (this materials will no longer be
generated and will not be considered further), and

Residue from a Coal-Fired Circulating Fluid Bed Combustor (CFBC),
supplied by Anker Energy Corporation at its Thames River Plant near
Uncasville, Connecticut. The residue is a relatively coarse material, as it
contains both bottom and fly ash from the boiler, and contains 45% limestone
equivalent, 28% ash and 27% CaS0O4/CaSO,. Special permission from the
generator will be required for this material.

The proposed research will use one or both of the CCT materials above in
conjunction with other candidate CCT by-products as can be identified later.

Preliminary Results: Results to date have shown that CONSOL spray drier
CCT by-products exhibit across-the-board superior lead stabilization
properties for all hazardous wastes utilized. The waste products indicated
on Figure 1 were obtained from Mill Service Company clients. The
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stabilization ability of such CCT materials with DOE hazardous wastes must
still be determined.

10 -

-
t

Lead Concentration {mg)

01 | HER

Figure 1
Successful Lead Stabilization

in addition, compressive strength properties of solidified materials will be
determined (equipment contained within the Department's Geotechnical Engineering
laboratory) to supplement measured leaching potential thus allowing
considerations of reuse opportunities for treated materials.

Objective 2: Longer term stabilization: Regulatory and risk assessment
acceptability determinations are often made based on information from short term
leaching and stabilization experiments. In contrast, recent data at the University of
Pittsburgh shows that in some cased leachate concentrations (and thus ingestion
risks) resulting from stabilized/solidified matrices are elevated over time, probably
as a consequence of solid phase reactions continuing to take place.

Tables 1a & 1b illustrate this point by showing current results of leachate
concentrations measured just after stabilization, and made after waiting 90 days
after stabilization and solidification. Such chemical (and physical) alterations over
time may be indicative of critical but slow aging processes taking place within the
solid phase. Both short term and longer term (> 90 days) controlled
experimentation using DOE wastes are proposed for this new effort.
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Evaluation of Lead Stabilization at 90 Days
Hazardous Waste Mixtures Treated with

Clean Coal Technology By-Products
Lead TCLP Concentrations (mg/L)

Table 1-a: Stable Mixtures over Time-Pb (mg/L)

Stabilization Time | Tidd with Battery | Tidd with Waste | Tidd with
(days) Sludge Soils Munitions Soil
0 4.1 2.3 1.2
90 0.7 0.6 1.2
Table 1-b: Mixtures showing Increasing Leachate
Concentrations over Time-Pb (mg/L)
| Stabilization | CONSOL with | Ebensburg Ebensburg Tidd with

Time (days) Munitions with Waste with Industrial Soil

Sail Soil Munitions

Sail

0 0.28 0.31 5.6 1.7
90 0.90 6.0 9.0 14.0

This is a significant issue since, as shown on Table 1b, there is a real potential that
environmental management decisions based on immediate or 24 hour TCLP
measurements (after initial stabilization) may be in error as a consequence of
inherent longer term aging reactions.

For purposes of this research, specially collected and stabilized samples of
solidified DOE hazardous wastes will be stored in humidified chambers for the
duration of the project (for time periods on the order of 1 to 2 ¥2 years). Solidified
materials will be examined at periodic time intervals using XRD analysis (locafed
within the Department of Materials Science) to determine the nature of slow solid
phase crystalline reactions taking place. Such reactions will be compared and
correlated with leachate and compressive strength determinations both from short
term and longer term evaluations.
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SUMMARY and EXPECTED OUTCOMES

L Research will examine the use of Clean Coal Technology by-products (CCT)
as a chemical feedstock for the stabilization and leachate attenuation of
DOE hazardous wastes.

- Based on preliminary results of current research, a number of CCT materials
are identified as being particularly promising for stabilization and leachate
attenuation.

= Critical issues are identified of both short term (24 hour)
stabilization/leachate attenuation reactions, and “aging" reactions which
must be evaluated and understood to assure longer term decreased risk for
the public and workers associated with DOE environmental management
and restoration actions.

= This research is uniquely multidisciplinary in nature involving faculty and
expertise from the areas of environmental engineering, energy resource
engineering, geotechnical engineering, and materials science and
engineering. Faculty and necessary laboratory facilities are all located
within the School of Engineering, University of Pittsburgh.

Preproposal: University of Pittsburgh . .. .. 33 page 5




